In order to obtain representative dissolved and solid samples from the aquatic environment, a spectrum of sampling methods are available, each one with different advantages and drawbacks. This article evaluates the use of discrete sampling and time-integrated sampling in illustrating medium-term spatial and temporal variation. Discrete concentration index (CI) calculated as the ratio between dissolved and solid metal concentrations in grab samples are compared with time-integrated concentration index (CI) calculated from suspended particulate matter (SPM) collected in sediment traps and labile metals measured by the diffusive gel in thin films (DGT) method, collected once a month during one year at the Seine River, upstream and downstream of the Greater Paris Region. Discrete CI at Bougival was found to be significantly higher than at Triel for Co, Cu, Mn, Ni and Zn, while discrete metal partitioning at Marnay was found to be similar to Bougival and Triel. However, when using timeintegrated CI, not only was Bougival CI significantly higher than Triel CI, CI at Marnay was also found to be significantly higher than CI at Triel which was not observed for discrete CI values. Since values are timeaveraged, dramatic fluctuations were smoothed out and significant medium-term trends were enhanced. As a result, time-integrated concentration index (CI) was able to better illustrate urbanization impact between sites when compared to discrete CI. The impact of significant seasonal phenomenon such as winter flood, low flow and redox cycles was also, to a certain extent, visible in time-integrated CI values at the upstream site. The use of timeintegrated concentration index may be useful for medium-to long-term metal studies in the aquatic environment.
Introduction
In freshwater systems, metals are found as various forms ranging from cationic, inorganic, organometallic, sorbed on oxides and clay surfaces, metal alloys or incorporated in crystalline structures [1] [2] [3] . Defining all the metal forms (i.e. its speciation) in the water column is currently analytically difficult because it involves various forms in multiple pools. Yet, to illustrate and predict the environmental fate and transport of metal contaminants in this dynamic system, there is a need to investigate metal partitioning, and not just isolating specific phases [4] [5] [6] . One possible approach is to define metal partitioning as Kd, a ratio between metal adsorbed in the solid fraction, operationally-defined as the filter-retained fraction (>0.45 μm) and the metal concentration in the dissolved fraction (<0.45 μm). Kd is often used in defining metal partitioning in the river system [7] [8] [9] . With relatively simple measurements, it may indicate a useful general view of metal distribution in the water column 10 , 11 and the ability of the suspended particulate matter (SPM) to bind trace metals 1 .
K d is usually derived from discrete spot measurements. It is a parameter that may vary easily with even a slight fluctuation of dissolved fraction 10 for which concentrations may oscillate 2-3 folds in urbanized water at the same location and is prone to analytical contamination 1 . Hence, K d is often considered to have limited predictive capability 4 . Alternatively, K d values can be empirically calculated as a function of water chemistry variables, using metal speciation models such as WHAM, SCAMP or MINTEQ 11, 12 , although significant uncertainties were identified 4 .
Consequently, there is a need to explore other possibilities in-field metal partitioning that depend less on rapidly fluctuating physico-chemical parameters but are still responsive to medium and long-term water chemistry evolution and seasonal and spatial evolution. Discrete sampling-related problems may be solved by calculating partitioning using dissolved and particulate metal concentrations from time-weighted averaged samples. When deployment time is selected correctly, time-averaging samplers are able to measure changes of heavy-metal concentrations related to various physico-chemical parameters 13, 14 . Inthe water column, time-integrated solid fractions may be sampled by sediment traps 15, 16 . However, sampling of time-integrated dissolved fractions for metal analysis is currently difficult in practice. A possible approach is using in situ passive samplers. The diffusion gradient in thin films (DGT) technique was initially developed 17 to quantitatively measure time-weighted average concentrations of labile metals in water. Tusseau-Vuillemin et al. 18 and Buzier et al. 19 then further developed the use of restrictive pore gels in DGTs, measuring labile metals composed of inorganic metals plus a fraction of easily exchangeable organic complexes that correlated with metal toxicity in Daphnia magna. With the combination of sediment traps and DGTs, it would then be possible to examine medium-term metal partitioning.
To what extent is metal partitioning obtained from time-averaged samples comparable and representative for spatial and temporal variations as opposed to those calculated from discrete samples? This paper aims to take a closer look at metal partitioning calculated from time-averaged and discrete samples and to evaluate their comparability in the need of robust and representative environmental monitoring parameters. It will also discuss how far these metal partitioning methods allow the study of urbanization impacts on metal behaviour in the water column. For the purpose of this study, suspended sediments are completely digested and thus metal concentration in the solid fraction includes not only adsorbed metals but also incorporated metals related to background geology. In order to avoid term confusion, this study will use concentration index (CI), defined as a ratio between metal concentration in the solid and metal concentration in the dissolved phase.
Methodology

Study site
For this work, samples were collected along the Seine River, France. The Seine River is located in a sedimentary basin in the north of France (Fig. 1) , flowing through the Greater Paris Region. Before its estuary, the Seine River drains an area of 64700 km 2 with an average density of 215 people km -2 . It is an ideal example of an highly anthropized basin as it hosts 25% of French agriculture, 30% of French industry and 23% of the French population 20 . Previous studies have indicated a significant metal load within the watershed [20] [21] [22] , representative of multi-metal contamination in an urban catchment.
The sampling scheme aimed to distinguish the impacts of two sources of anthropogenic influence to the Seine River. The first source is the wastewater treatment plant (WWTP) Seine-Aval treating around 1.7 million m 3 water per day
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. The second is the area of greater Paris, including the most densely urbanized area in the region with more than 3700 inhabitants km -2 24 .Treated municipal wastewater from smaller units and urban runoff are the major identified metal sources to the river in this area. The first sampling site is located at Marnay-sur-Seine, situated far upstream on the Seine River (Fig. 1) . It was chosen to represent a site non-affected by the Greater Paris Region, where the Seine is a Strahler order 6 river, the population density upstream of Marnay is only 15-30 inhabitants km -2 24 . The second site is the Seine at Bougival, situated 40 km downstream of Paris city (Strahler order 7). It was chosen to demonstrate the impact of greater Paris without the influence of the major WWTP SeineAval. Another 40 km further downstream, Triel-sur-Seine was selected to demonstrate the influence of Greater Paris Region including all its inputs to the river. The Triel station is situated downstream of the confluent of the Seine River with one of its major tributaries, the Oise River, making it a Strahler order 8. 
Physico-chemical parameters
pH was measured with either a pH meter WTW 330i (VWR) or a Waterproof pHtester 20 (Eutech Instruments) with a sensitivity of 0.05. Temperature was continuously monitored with a temperature sensor (Hobo) with a sensitivity of 0.001°C. Conductivity was measured in the laboratory within 6 h of field sampling with an Orion conductivity cell (Thermo). Daily discharge values were obtained from www.hydro.eaufrance.fr. Water was collected in plastic bottles for chlorophyll, pheopigment and ion analysis. Water was collected in 1 L precombusted glass bottles for dissolved organic carbon (DOC), TSS and particulate organic carbon (POC) analysis
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. The absorbance at 254 nm (A254) of the GF-F filtrate was measured and the specific ultra-violet absorbance (SUVA) was calculated as SUVA = A254/DOC in cm -1 g -1 L. SUVA can be considered as an indicator of the aromaticity of dissolved organic matter (DOM) 26 .
Metal sampling and analysis
Material and sample handling were performed following clean methodologies. All bottles and containers were soaked in 2 M HNO 3 for at least 3 days. Afterwards they were rinsed thoroughly 3 times with de-ionised water. In the field, all bottles, buckets and containers were rinsed 3 times with river water. Sampling was done from the riverbank where a PVC bucket collected water around 3 m from the riverbank. filtering with disposable Millex-LH Millipore syringe filters and 20 mL disposable syringe, acidified with pure 200 mL HNO 3 65% (Merck Suprapur) to avoid any precipitation. Sterile disposable 50 mL polyethylene tubes, previously tested for clean handling, were used. All samples are transported and kept at 4ºC in the dark before analysis.
Labile fraction sampling.
Six diffusive gradient in thin films (DGT) were deployed in each site once a month in order to assess time-weighted average labile metal contamination. The method for assembling DGT is explained thoroughly elsewhere
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. In brief, after passing through a 0.45 µm polyethersulfone (PES) filter and a 0.4 µm polycarbonate filter, labile metals diffuse through a restrictive diffusive gel layer (0.8 mm thickness) and are strongly bound by chelex resins. After DGT retrieval, they were brought back to the laboratory and the chelex resins were eluted in 1 M nitric acid in which the analysis was performed. Labile metal concentrations were calculated according to the method detailed in Bourgeault et al 
Suspended particulate matter (SPM) sampling.
For discrete SPM sampling, water was collected in 2 L polyethylene bottles, kept in the dark at 4ºC and filtered in the laboratory 1-5 days after sampling to minimize biological activity and SPM accumulation on the bottle walls. Only the September sample was filtered 1 month after sampling due to technical reasons. Filtration was performed on a 0.45 µm Millipore MF-Millipore cellulose ester filter mounted on the Millipore filtration system (diameter 47 mm). The sample bottle was vigorously shaken to ensure all SPM was evacuated during filtration. When possible, filtration was done on one filter, but in extreme cases where turbidity was high, filtration was done on two filters. Filters were weighted before and after filtration after drying at 40ºC and stabilizing weight for up to 2 days in a desiccated jar.
A sediment trap was also installed at each site. It consisted of a 2L polyethylene terephtalate (PET) water bottle hung top-down at least 1 m from the river bank at mid-depth. Two holes (4 cm diameter) were cut on two opposite sides on the upper part of the bottle, and placed in the flow direction. This method was previously successfully used by Tessier 14 to collect SPM in slow flowing rivers. After sampling, the total sediment trap content (water and SPM) was stored in the dark at 4ºC before analysis. Storage duration ranged from 2-5 days for most samples to one month for the September sample. Samples were then centrifuged in the laboratory at 2800 g for 20 m and SPM was recovered. The SPM was then freeze-dried for at least 48 h and homogenized in an agate mortar.
All discrete SPM recovered on the filters and 0.1 g of time-integrated SPM from the sediment trap were totally digested using a method adapted for the Seine River carbonated SPM 29, 30 , and allowing total SPM digestion. Details are presented in the ESI. † All solutions used were ultrapure reagents to assure minimum contamination (HNO3 and HCl Normatom grade (VWR France), HF and HClO4 "for trace metal analyses", (Baker, Sodipro France)).
Trace metal analysis.
Major and trace metal concentrations (Ag, Al, As, Ca, Cd, Cr, Co, Cu, Fe, K, Mg, Mn, Ni, Se, Ti, Pb, V, and Zn) were determined in the dissolved fraction and digested SPM fraction using inductively coupled plasma quadrupolar mass spectrometry (ICP-QMS) (XIICCT-Series, ThermoElectron, France). The ICP-QMS spectrometer was calibrated using standard solutions and routinely checked with certified river water (SRM 1640, National Institute for Science and Technology, Gaithersburg, USA). Instrumental drifts and plasma fluctuations were corrected using internal standards (Re, Rh, and In (SPEX, SCP Science, France)) for all studied metals, and Ge for major elements including Ca, Al, and Mg. To minimize isobaric interferences, analysis with collision cell technology (CCT) introducing a supplementary gas mixture of H2 (7%) and He (93%) was applied for Fe, Mn, Cd, Cr, Co, Cu, Mn, Ni, Pb, and Zn determination.
Overall, sampling representativeness and analytical accuracy was satisfactory. Ten dissolved fractions collected at one time in one site showed a standard deviation of 2% or less for Co, Mn, Ni, Pb and Zn; 5% for Cu and 9% for Cr and Cd. Variation of labile metals recovered by DGT depended on time and metals. Standard deviation (SD) of the 6 DGT is displayed as ESI. † Values obtained for the reference sediment SL1 (12 replicates) were compared to certified values, recovery was 90-99% for all analyzed elements except Cd (116%), with a standard deviation of 10% or less for all elements except Mn with a SD of 18% and Cd with a SD of 24%.
Two-phase concentration index (CI) calculation
Results and interpretation of two-phase concentration index (CI) was limited to 8 elements, Cd, Cr, Co, Cu, Mn, Ni, Pb and Zn, for which the ability for DGTs to estimate a one-month labile concentration has been validated 
Labile-inert-solid partitioning
Average metal proportion in the three different pools of the water column: labile metals measured by DGT, inert metals as the difference between labile and dissolved metals, and solid metals; were estimated. Due to different sampling methods for each pool (discrete vs. integrating) and variable quantification limits (much lower for labile metals via DGT than for total dissolved metals), a specific procedure was set to derive inert (non labile) dissolved metal concentrations. When When dissolved concentrations were lower than quantificationlimit (QL) and average dissolved concentration calculated from Eq (3) became lower than labile concentration, inert metals were considered as negligible in the balance and integrated labile metals were considered as a relevant proxy for integrated total dissolved metals (Eq (5)). ) was calculated as a sum between the average solid metal and dissolved metal concentration, both in g L -1 (Eq.6).
Distribution of metal in each phase (labile, inert and solid) was then calculated using the total metal calculated using Eq.(6).
Results
In order to optimally present data of monthly variation, median values were used. Comparisons between samples were performed using Mann-Whitney ranked tests (p = 0.01). Most water quality parameters measured throughout the campaign displayed a Marnay-Bougival-Triel gradient indicating evident evolution in water chemistry ( Table 1) . The pH at the upstream site is relatively more basic, pH 8.20 ± 0.04, where the river drains calcareous rocks. As the catchment becomes more urbanized, pH drops to 7.91 ± 0.04 and 7.73 ± 0.04 downstream at Bougival and Triel, respectively. Downstream sites had significantly higher values of DOC and POC and higher photosynthetic activities indicated by higher chlorophyll concentration. Major ions showed two different trends; Ca and NH4 + concentrations remained constant at the 3 sites, while the others increased downstream. From upstream to downstream, the median of magnesium and potassium ion concentrations doubled, while chloride and sulfate increased by a factor of 2.5.
River chemistry
Median metal concentrations in different pools in the water column showed an evident upstreamdownstream increasing trend from Marnay to Bougival and Triel, although in general, Bougival displayed higher metal content than Triel for all except Co and Mn ( Table 2 ). The dilution effect of the confluence between the Seine and the Oise River (25 km downstream from Bougival and 15 km upstream from Triel-sur-Seine) may be the cause of the decrease in metal concentration in Triel. Dissolved metal concentrations compared with other rivers with strong urban influence1 showed that the Seine River dissolved concentrations (Table 2 ) are higher but are still in the same order of magnitude. Data found during this campaign were also comparable to other dissolved metal concentrations earlier reported in the Seine River 
Labile-inert-solid partitioning
Partitioning of each metal in the defined phases varied according to metals and sites (Fig. 2) . The approach described in Eq (2)-(6) consisted of averaging discrete total metal for the dissolved and solid phases causing the total median values of the three phases displayed in Fig. 2 to be occasionally less or more than 100% of the total metal calculated through Eq (6). This is mainly true for Cd, Mn and Zn that displayed high variation of discrete concentrations to which this averaging method may constitute uncertainties of total partitioning of around 5-10%. Nevertheless, averaged median values were considered representative because Co, Cr, Cu, Ni and Pb showed total averages close to 100%. Despite complete digestion of particulate metals, the proportion of dissolved metals in these samples was relatively high compared to literature data. Our data showed that for most metals, the median proportion of dissolved metal in the water column exceeded more than 50%. Nguyen et al. found Zn, Co, Cd and Pb in a contaminated lake highly associated to the solid phase (for about 70% of the total metal load)
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. Previous metal partitioning values on the Seine River accounted for higher solid fraction (70 to 90%) mostly due to relatively high approximation of SPM concentration used to theoretically calculate total solid metal 24 . Nevertheless, our dissolved and particulate metal data were in agreement with other Seine reference data 31,33 , indicating that calculated CI was fairly accurate despite differences with other water bodies.
Two-phase concentration index (CI)
Metals were ranked by their preference to the solid phase using the average discrete CI indicating Pb > Cr > Mn ~ Cd > Zn > Cu ~ Co > Ni (Table 3) . When time-integrated CI is compared, a similar order is observed for most of the metals, except for Co and Cu that moved up the ranking: Pb > Cr> Cd > Co> Cu > Zn > Mn > Ni. Most studies display logarithmic CI values but for this study, basic CI was chosen to better observe the fluctuations in metal partitioning. , "discrete CI" is the ratio between concentration of a given metal in the solid fraction to the dissolved fraction (water collected by discrete sampling and filtered at 0.45 µm) and "time-integrated CI" is the ratio between concentration of a given metal in the settleable suspended particles collected by a sediment trap to the labile fraction measured with the Diffusive Gradient Thin (DGT) films. Indicated values correspond to minimum-maximum values with 1st quartile -median -3rd quartile in parenthesis (n=13 for "discrete CI" and n=10 for "Time-integrated CI). QL: quantification limit. The CI for each month in the three sites was also individually compared in order to evaluate spatial evolution (Fig. 3) . Discrete CI at Bougival was found to be significantly higher than at Triel (p = 0.011) for all metals except for Cd, Cr and Pb which were excluded from the comparison because many dissolved concentration values at Marnay were lower than the quantification limit (QL). Nevertheless, no difference was found between discrete metal partitioning at Marnay when compared to Bougival and Triel (p > 0.05) because CI variation at Marnay was very high. When the same test was applied to time-integrated CI, values at Bougival were also found to be significantly higher than at Triel (p < 0.0001). Moreover, CI at Marnay was also found to be significantly higher than CI at Triel (p < 0.0002), which was not observed for discrete CI values. As time-integrated CI had lower detection limits, CI for Cd, Cr and Pb were better defined for Marnay. When this statistical comparison was performed on all elements without excluding Cd, Cr and Pb, similar conclusions were obtained. Individual CI values were also compared in order to identify temporal variation during the one-year campaign (Fig. 3) . In general, temporal variations were higher at Marnay than at Bougival and Triel, except for a few extreme events where CI values increased dramatically at the two downstream sites. Indeed, there was a high variation of discrete CI values for five elements, Co, Cu, Mn, Ni and Zn at Marnay that was significantly less visible at Triel: at Marnay, relative standard deviations for discrete CI were 69%, 84% and 73% for Co, Cu and Ni, respectively, whereas at Triel, RSD for discrete CI were 54%, 44% and 51% for Co, Cu and Ni, respectively. These higher variations of discrete CI values at Marnay compared to Triel were also observed for time-integrated CI for Cu and Ni. RSD for time-integrated CI at Marnay were 102% and 29% for Co and Ni, respectively, and at Triel, RSD for time-integrated CI at Triel were 51% and 12% for Co and Ni, respectively. In addition to Co, Cu and Ni, Mn and Zn average values of time-integrated CI decreased at Triel compared to those at Marnay. This evolution was not observed on average values of discrete CI for Mn and Zn. Cr, Cd and Pb were not compared because most of their discrete CI at Marnay was lower than QL.
Observing the different trends on temporal variation of CI, it was possible to divide the metals into two groups. The first group consisted of Co, Mn, Ni, and Zn with a significantly higher discrete and time-integrated CI at Marnay than at Triel notably for the summer months from July to October. The second group included Cd, Cr, Cu and Pb. Due to discrete CI at Marnay being below quantification limits for these metals, observations are made on time-integrated CI. These metals have relatively comparable CI values between Marnay and Triel both in low and high flows, with higher CI at Bougival during certain periods. The only period where Cd displayed a discrete CI at Marnay higher than at Triel was in the month of October 2008. The discrete CI of Cr multiplied up to six to ten fold in one site between two different periods. Values increased from 27 ± 3.9, 70 ± 9.9, and 47 ± 6.7 at Marnay, Bougival and Triel, respectively, and 272 ± 38.8 on April 2009, an increase of 11, 5 and 6 times at Marnay, Bougival and Triel, respectively.
Discussion
Discrete vs. time-integrated concentration indexes
The comparison between discrete and time-integrated metal concentration index (CI) originated from the need for an environmental indicator representative of the medium-and long-term trend in the milieu. As the frequency of discrete sampling for metal monitoring is often limited by labor factors, this study was aimed at considering time-integrated metal concentration index as an option. Difficulties faced in measuring CI for Cd, Pb and Cr due to low dissolved concentrations were overcome by using DGT that concentrates labile metals over a period of time. Passive and time-integrated samplers also hold great potential in the cross-validation of biological accumulation under field conditions 6, 34 . The source of the high variability in time integrative CI was DGT measurements, their uncertainty levels are higher than metal concentrations in sediment traps.
The authors are aware that the two CI values do not represent the same partitioning, mostly because dissolved metals do not coincide with labile metals. Some inert dissolved metal complexes are not sampled by DGT. Consequently, timeintegrated CI calculated using labile metals measured by DGT would result in higher CI values than discrete CI, and the difference is amplified for metals with a low lability in water. This would be the reason why Cu, Zn and Co were ranked differently between discrete and time-integrated CI.
In order to further investigate whether time-integrated CI could be representative as an environmental indicator, partitioning evolution between sites over a year was investigated. Statistical tests performed previously in section 3.3 showed that time-integrated metal partitioning is more effective in differentiating spatial evolution. As physico-chemical parameters between the three sites are significantly different, metal partitioning at the three sites are also expected to vary. Differences in CI values between Marnay and Triel were not significant when evaluated with discrete values whereas it was considered different when comparing time-integrated values. Regarding temporal variation, Co, Mn and Ni had significantly higher discrete and timeintegrated CI at Marnay than at Triel notably for the summer months from July to October. On the other hand, Cr and Cu showed relatively stable discrete and time-integrated CI values between Marnay and Triel both in low and high flows, with possible higher CI at Bougival during certain periods. This similarity of temporal variation between discrete and time-integrated CI means that to a certain extent, one month time-integrated CI is capable of illustrating temporal variation of metal partitioning in the water column.
The biggest challenge in performing environmental monitoring is the representativeness of samples in respect with spatial and temporal evolution. Collected samples are expected to represent the water column without being over or undermagnified by extreme events or sudden variations. Although discrete CI captures instant variations that may be significantly different, variations are irregular depending on sampling period and thus a general trend is hardly observable. The differences observed when comparing discrete and time-integrated CI in this study suggest that although time-averaged CI gives averaged and consequently ''buffered'' values, it averages short-term variation and enhances sustainable and medium-to long-term variation in a given site.
Urbanization impacts observed by time-integrated CI
Recent studies showed that metal speciation in the solid phase 35 and metal accumulation in aquatic species 34 were modified downstream of the urbanized Greater Paris Region. With this study, change in land use not only affects metal speciation but also partitioning between the solid and the dissolved phase of urban-enriched metals. Previously discussed results demonstrated the difference in temporal variation between upstream and downstream (smaller standard variation for the upstream Marnay data set compared to the Triel data set for Co, Cu and Ni) and higher discrete and time-integrated CI at Marnay from July to October for Co, Mn, Ni, and Zn. Urbanization was likely to affect metal partitioning in the Seine River. This impact is evidenced by time-integrated CI differences between upstream and downstream of the Greater Paris Region observed for enriched metals above. On the other hand, such differences were not observed for Cr, a non-enriched metal in the Seine River despite the physico-chemical evolution on a given period from Marnay to Triel.
The behavior of metals enriched by anthropogenic activities downstream seems to be controlled by different parameters compare to metal behavior at the upstream site. This is seen both through statistical differences between CI at Marnay and Triel and the higher fluctuating CI at Marnay compared to Triel. Spearman correlation tests (significance level p < 0.05) were performed separately between Marnay representing the non-urban site, and Bougival and Triel, representing the anthropogenic sites, to further investigate key factors affecting metal behavior in the water column. No significant direct correlation between CI and the measured physico-chemical parameters was found. This is due to differences in governing processes and response level between metal concentrations in the solid and the dissolved fraction. While no significant correlation was found either between solid metals and physico-chemical parameters, dissolved metals appeared to be correlated to some water parameters. Higher temporal variation in Marnay compared to Triel is likely due to the dissolved metal concentration at Marnay being more correlated with flow-related parameters which can fluctuate significantly. Upstream, correlations of some dissolved metals with conductivity were relatively high (Cu r CI at Marnay compared to Triel may be explained by the correlation of metal concentrations with these different water parameters. As discharge varies considerably compared to DOC, temperature and pH, metal concentrations at Marnay would also vary to a higher extent than at Bougival and Triel. Downstream, dissolved metal concentrations seemed more affected by sorption processes. Their concentrations are more correlated with DOC, temperature and pH than at Marnay. These three parameters are known to control adsorption and desorption reactions on surfaces. Temperature and pH are known to control point zero charge (PZC) of adsorption on many mineral surfaces 36,37 and DOC is known to form complexes with available dissolved metals 38 .
Adsorption to the solid phase maybe an important process controlling fluctuation of metal partitioning and mobility in the water column downstream.
Conclusion
Comparison of discrete and time-integrated metal partitioning in the water column of the Seine River demonstrated the capability of time-integrated concentration index (CI) to represent spatial and temporal variation of metal variation trend. Although it is recognized that time-integrated CI does not measure the exact same pool as discrete CI, time-integrated CI could be useful to study medium-and longterm trends of metal partitioning in river systems related to urbanization, reducing the labor costs needed to obtain representative discrete metal sampling. It could also be related to bioaccumulation, which is also a timeintegrated phenomenon. µFurther investigation of time-integrated CI should be performed on other watersheds to study the effectiveness of this method on other water systems. 
Environmental impact
Using metal concentration data from the water column, discrete concentration index, calculated from the ratio between discrete solid metal concentration and discrete dissolved metal concentration, was compared with time-integrated concentration index, calculated as a ratio between solid metal concentration from sediment traps and labile metals measured by DGT. The comparison of the two data sets demonstrated the capability of time-integrated concentration index to represent spatio-temporal trends in metal variation trends. Time-integrated concentration index is useful to study medium and long-term trends of metal partitioning in river systems related to urbanization, reducing the labor costs needed to obtain representative discrete metal sampling. It could also be related to bioaccumulation, which is also a time-integrated phenomenon. This study will contribute to enriching the existing methods of environmental monitoring in aquatic systems so that water agencies and stakeholders may have a monitoring option which suits their budget and human resource constraints. 0 
